Linkage to HIV medical care and on-going engagement in HIV medical care are vital for ending the HIV epidemic. However, little is known about the cost-utility of HIV linkage, re-engagement and retention (LRC) in care programs. This paper presents the cost-utility analysis of Access to Care, a national HIV LRC program. Using standard methods from the US Panel on Cost-Effectiveness in Health and Medicine, we calculated the cost-utility ratio. Seven Access to Care programs were cost-effective and two were cost-saving. This study adds to a small but growing body of evidence to support the costeffectiveness of LRC programs.
Background
Linking or re-engaging and retaining people living with HIV (PLWH) in ongoing, primary care is vital for ending the HIV epidemic and ensuring a full, healthy lifespan for the greater than one million PLWH in the US. Additionally, linking PLWH to care is a policy priority described in both the 2010 and 2015 national HIV/AIDS strategies [1] [2] [3] . However, 41-44% of individuals living with HIV are not accessing regular, ongoing HIV care, and the epidemic disproportionately affects some demographic subgroups [4, 5] .
The evidence base describing recent effective HIV linkage and retention in care programs is small but continues to grow [6, 7] . To explore the cost associated with such programs, several studies have modeled costs of providing HIV care [8] [9] [10] [11] . The results of these analyses pointed towards various interventions, particularly those focused on retention in care, as being cost-effective interventions on a large scale. Alongside these modeling studies, there is a small number of economic analyses examining ongoing, real-world HIV linkage and retention in care programs. For example, in the US, Shrestha et al. examined the cost of a retention in care intervention compared to standard of care at six clinics. The researchers found that the intervention was more effective than standard of care and cost $3834 for each additional patient retained in care. In Zambia, Marseille et al. examined the cost-effectiveness of an ART program at 45 sites and assessed these to be in the mid-range of cost-effectiveness when compared to other interventions in the region [12] .
Other economic analysis of HIV linkage and retention in care programs quantified the cost per quality-adjusted life year (QALY), which allows a comparison across health areas. Across the US, Kim et al. found that five ongoing, community-based HIV linkage and retention in care programs had highly achievable cost-saving and cost-effectiveness thresholds [13] . Two were found to be cost-effective, and the third was highly cost-effective with a cost per QALY of $4439 [14] . Another study, a nine-site linkage to care intervention for PLWH following incarceration, estimated the cost per QALY to be $72,285. This quantity was considered to be cost-effective [15] . An earlier study from Burundi found the cost per DALY to be $250 in the context 1 3 of integrated care for HIV; this quantity was considered to be cost-effective in this context [16] .
A recent review noted that few such studies exist and called for further evidence describing HIV linkage and retention in care programs [9] . In particular, cost-utility analyses are needed for comparisons across health areas. The analysis presented in this paper builds off of a cost and costthreshold analysis of Access to Care (A2C). A2C included 12 US programs designed to help PLWH stay linked and retained in HIV care [17] . From 2011 to 2015, the program sites shared the goal of finding, linking, and retaining PLWH to HIV care, but tailored their approaches to the needs of their population, which included women affected by trauma, incarcerated or recently released individuals, and residents of medically underserved rural areas. Each program was evidence-informed but was tailored to the local epidemic of the lead agency in order meet the specific needs of individuals being served at each location. Program models included peer navigation, medical case management, care teams for care co-ordination, and intensive non-medical case management to eliminate barriers to HIV care. In this paper, we estimate the cost-utility ratio for the A2C programs.
Methods
A2C was a national HIV linkage, re-engagement and retention in care program funded by AIDS United with support from the Social Innovations Fund (SIF) and the Corporation for National and Community Service (details on the A2C initiative and the programs implemented by the A2C grantees can be found elsewhere) [17] . This study presents the results of cost-utility analyses for seven of the A2C grantees. Two programs were not included because of incomplete data and two were excluded because significant difference were not seen over time in viral suppression. The fifth was excluded because it included a randomized control trial to assess program effectiveness, and we were not able to separate out the costs of program implementation from the costs associated with the study.
The A2C programs shared common elements such as being evidence-informed, including a focus on addressing clients' barriers to care, and working with multiple implementation partners. The majority of participants (52%) were recruited through in-reach which is the process of using data on medical visit history to identify and contact eligible individuals. The remaining participants were recruited through referrals from partner programs, self-referrals, and fliers/ advertisements. To be eligible for the program, participants had to be living with HIV, over the age of 18 and either out-of-care or at risk for falling out of care. Individuals who were out-of-care failed to meet the Health Resources Services Administration HIV/AIDS Bureau definition of retention (two visits per year at least 60 days apart) [18, 19] . Participants who were at risk for falling out of care met the definition of retention in care but were characterized as being at risk for falling out-of-care for one or more of the following reasons: active severe substance use, active severe mental health issues, a crisis in basic need, history of missed visits/gap in care, living in a remote area, or a transition from a structured environment to the community (such as re-entry).
The cost-utility analysis of the A2C programs used standard methods as recommended by the United States Panel on Cost Effectiveness in Health and Medicine [20, 21] . To assess cost-effectiveness, we calculated "R" the cost-utility ratio (or net cost per QALY) using the following formula: R = (C − AT)/AQ. In this formula, "C" is the total personyear cost for all participants enrolled, "A" is the estimated number of HIV infections averted by the program, "T" is the lifetime cost of HIV care and treatment, and "Q" is the number of QALYs saved. All analyses were conducted in 2013 dollars.
"C" (the person-year costs of the program) was calculated from the payer perspective and the societal perspective. To estimate costs from the payer perspective, we used the total cost of program delivery, the total number of enrolled participants, and the total program duration for each site to calculate the cost per participant per year. The total cost of each program was provided by AIDS United, the funder for the project. The total number of participants enrolled and the program duration were gathered from program implementation forms and records. Societal costs were estimated by the A2C grantees using a standardized excel spreadsheet tool [13] . The spreadsheet tool captured costs per participant per year for participants' time, travel to and from program services, and dependent care. The societal costs and payer costs per participant per year were summed together and multiplied by the total number of participants to estimate the societal perspective. This approach estimated one person-year of costs for all participants enrolled. We used this approach to ensure that our data on costs aligned with our health outcome data, as described below.
"A", the number of HIV infections averted by each program, was calculated using data on the proportion of participants who became virally suppressed while enrolled in the A2C program. Data on the proportion of participants who were not virally suppressed at enrollment but were virally suppressed at 12 months was used to estimate the net number of participants who became virally suppressed during A2C. We used McNemar's test to assess statistical significance at the p = 0.05 level. We multiplied the proportion of individual who became virally suppressed by the number of participants who were enrolled in A2C at least 12 months prior to the end of the program (and were therefore able to contribute 12 month follow-up data) ( g − column f)/column e) * column b). We assumed that each participant who became virally suppressed contributed six person-months of viral suppression to the project. This estimate takes into consideration the duration of time it would have taken participants to become engaged in care and virally suppressed, and it is reasonable to assume that participants who were virally suppressed at their 12 month follow-up remained virally suppressed for a duration of time following their 12 month follow-up visits. Unfortunately, follow-up data on viral suppression beyond 12 months were not available to test this assumption. To estimate the number of HIV infections averted, we multiplied the net number of participants who became virally suppressed during A2C by the change in the estimated annual transmission rate (0.0472) for someone who is not virally suppressed. This latter was a weighted average of the transmission rate for individuals who are living with HIV but undiagnosed, HIV diagnosed but not retained in medical care, retained in care but not prescribed ART, and prescribed ART but not virally suppressed [22] . In addition, we conducted two sensitivity analyses. For the first sensitivity analysis, we assumed that individuals who became virally suppressed during the A2C program contributed one-person year of viral suppression.
For the second sensitivity analysis, we used an alternative literature-based transmission rate for someone who is not virally suppressed (0.046) [23] .
"T", the discounted lifetime cost of care and treatment was estimated to be $330,000 (in 2011 USD) [24] . We adjusted "T" to 2013 dollars (US Department of Labor's consumer price index http ://data .bls.gov/pdq/Surv eyOu tput Serv let) (price index for all urban consumers, not seasonally adjusted, US city average, medical care) ((425.134/400.25 8) * 330,000 = $350,509). To estimate the total number of QALYs saved, we first assessed QALYs saved through the improved health of program participants (Q1) by multiplying the estimated number of person-years of viral suppression by 0.039, an estimate of the number of QALYs saved from improvements in quality of life [25] . To estimate the number of QALYs saved through averted HIV infections (Q2), we multiplied the estimate of HIV infections averted by the program (A) by 5.83, the estimate from the literature of the number of QALYs saved by an averted HIV infection [24] . We summed the total number of QALYs saved by adding Q1 to Q2. We considered programs with a cost per QALY of less than $163,889 to be cost-effective. This threshold was calculated by multiplying the US gross domestic product per capita ($54,629.50) by 3 [26] . (US GDP per capita accessed from http ://data .worl dban k.org/indi cato r/NY.GDP. PCAP .CD, 19 June 2016.) This standard method for deriving thresholds scales the value of a life year to income and was defined in the World Health Organization's Choosing Interventions that are Cost-Effective program because of its global applications [27] . 
Results
The duration of the A2C programs ranged from 3 to 5 years depending on their funding cycle (Table 1) and served from 149 to 833 participants (Table 2) . Absolute increase in the percent of participants who were virally suppressed at enrollment compared to follow-up (6 or 12 months) ranged from 7 to 54% and significant increases in the proportion of participants who were virally suppressed at enrollment and 12 months were seen at all seven sites ( Table 2 ). The estimated number of person-years of viral suppression achieved during the implementation of A2C ranged from 14 to 96 while the number of HIV infections averted ranged from 0.64 to 4.54. The total QALYs saved ranged from 4.26 to 30.20. The cost-utility ratio estimates the net cost per QALY. The cost-utility ratio ranged from $− 41,439.51 to $115,467.92. All seven SIF programs were cost-effective, as the cost-utility ratios were less than the threshold of $163,889, or the amount society is willing to pay per QALY. Two programs were cost-saving as demonstrated by a negative cost-utility ratio (Table 3) . When we ran our first sensitivity analysis (Table 4) , we assumed that participants contributed 12 months rather than 6 months of viral suppression, six programs were cost-saving (AIDS Action Committee, AIDS Foundation Chicago, Amida Care, The Damien Center, St. Louis Effort for AIDS, and Medical Advocacy and Outreach) and all programs were cost-effective.
When we conducted sensitivity analyses and used 0.046 as the transmission rate for someone who is not virally suppressed, all programs remained cost-effective and two 
Conclusion
Across A2C programs we saw a wide range in costs, number of infections averted and subsequent QALYs saved. Seven of the A2C programs were cost-effective and two were cost-saving. In interpreting the results from this study, it is important to consider that the A2C programs employed a diverse range of program models, served a variety of vulnerable populations and were implemented across the nation in varying geographical locations. As such, it is not appropriate to make direct comparisons between A2C programs. This study faces several limitations. First, this paper uses a cost-effective threshold of $163,889 or the US gross domestic product per capita multiplied by three. Other research has used more conservative thresholds of $100,000-$150,000 per QALY [28, 29] . When we apply the threshold of $100,000 to our study, six of the programs remain cost-effective. In addition, in using the total costs of the programs to estimate "C," we included intervention start-up costs which are typically inflated as well as costs associated with program evaluation. As a result, our estimate of "C" could be an overestimate. To estimate "A" we used aggregate data on the net number of participants who became virally suppressed from enrollment to 6 months follow-up as a proxy measure for person-years of viral suppression and then conducted sensitivity analysis. A more precise approach would have been to have participant-level clinic data on the person-years of viral suppression contributed by each participant but this was beyond the scope of this evaluation.
Despite these limitations, our findings have important public health implications. The cost per QALY for the A2C programs ranged from $− 41,439.51 to $115,467.92. This adds to a growing body of literature which has found HIV linkage and retention in care programs to be cost-effective [14, 15] . The cost per QALY for the A2C programs also compares favorably with other public health interventions [30] [31] [32] . In conclusion, linkage, re-engagement and retention in care programs such as A2C appear to a cost-effective use of public health funds, worthy of further investment.
